Background: Early feeding patterns may affect the growth of HIV-exposed children and thus their subsequent health and cognition.
Introduction
Infant growth and nutritional status are strongly associated with later health and cognitive development. Stunting and wasting are associated with an increased risk of disease and mortality. Stunting also has been associated with school failure and impaired adult socioeconomic status and reproductive health (1, 2) . Lack of breastfeeding is associated with increased risks of infectious morbidity and mortality in infancy and in some studies with lower cognitive development and adult income (3) (4) (5) (6) (7) (8) .
Studies of the relation between feeding mode and growth in uninfected HIV-exposed infants have yielded contradictory results. In Pune, India, breastfed infants were significantly less stunted at age 12 mo than their never-breastfed counterparts (9) . In Zambia breastfeeding was associated with greater weight-forage z score from 5 to 15 mo of age in adjusted analyses with no difference in height-for-age z score (10) . Breastfed South African infants had greater weight-for-age z score and marginally greater length-for-age z score (LAZ) 11 than formula-feeding (FF) infants at age 3 mo but no longer at 6 or 9 mo (11) . Conversely, in a Kenyan randomized controlled trial (RCT), infants FF from birth had faster growth in length than their breastfed counterparts (12) .
We aimed to quantify the association between infant feeding (IF) modality and LAZ and the risk of stunting in the first 18 mo of life in HIV-exposed uninfected children in an observational cohort study conducted within a randomized HIV-prevention trial. We hypothesized that exclusively breastfed children would grow faster and have better nutritional status than their neverbreastfed counterparts.
Methods
Design. The Kesho Bora RCT was designed to test the efficacy of an intervention to reduce mother-to-child transmission (MTCT) of HIV and to increase infant and maternal survival (13) . The intervention group received a combination of 3 antiretroviral drugs from 28 to 36 wk of gestation until 6 mo postpartum (or breastfeeding cessation, if earlier). The control group received a standard short-course MTCT-preventive antiretroviral regimen (13) . Women were recommended to either breastfeed exclusively up to 6 mo postpartum or formula-feed from delivery, in accordance with WHO recommendations and national guidelines at the time (14, 15) .
Subjects. All live-born singletons or first-born twins of enrolled women were included in the present analysis if they had $1 length measurement, were HIV-uninfected at the end of follow-up, and had no missing data for potentially confounding factors (i.e., study site, RCT arm, sex, wealth indicator, maternal education, height, and BMI).
Study procedures. The study was conducted in Bobo-Dioulasso, Burkina Faso; Nairobi and Mombasa, Kenya; and Durban and a rural area of KwaZulu-Natal, South Africa. Enrollment started in January 2005 in the 3 former sites and in February and September 2007 in Durban and in Somkhele, rural KwaZulu-Natal, respectively. Enrollment was completed in August 2008 and follow-up in December 2010, respectively (13) .
Ethical clearance was given by the ethical and regulatory committees in Burkina Faso, Kenya, and South Africa, and at the WHO and CDC. The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983, and all women provided written, informed consent.
Pregnant, HIV-infected women at <32 wk of gestation who did not participate in any other study and who had a WHO clinical stage 1, 2, or 3 disease and a CD4 + count of 200-500 cells/mm 3 were eligible for enrollment. The triple-antiretroviral group received a combination of 3 antiretrovirals (zidovudine, lamivudine, lopinavir/ritonavir) from 28 to 36 wk of pregnancy up to 6.5 mo postpartum (or breastfeeding cessation, if earlier). Those in the short-course arm received standard prophylaxis, i.e., zidovudine and a single dose of nevirapine. All infants received a dose of nevirapine, preferably within 72 h of birth. The study was not blinded.
Infant feeding counseling was conducted antenatally and after delivery until complete cessation of breastfeeding, following WHO guidelines. Demonstrations of formula preparations were performed and free formula was provided for infants from birth until 6 mo of age, as appropriate. All medical care was provided free of charge.
Data collection. Maternal background data were collected at enrollment (i.e., during pregnancy). Gestational age estimation was based on self-reported last menstrual period or symphysis-fundal height. Birth weight was measured routinely in maternity wards by hospital staff to the nearest 100 g; it was unavailable for home deliveries. Length measurements were not taken at birth.
Early neonatal recumbent length was measured, preferably within 48 h and at most 7 d after delivery. Subsequent length measurements were taken in study clinics at ages 4 and 8 wk and 4, 6, 9, 12, 15, and 18 mo. All measurements were read to the nearest millimeter by trained teams using infant measuring boards and standard procedures (16) . Two readings were made for each measurement, and the mean was used in the analysis. If the difference between the 2 readings exceeded 5 mm, a third reading was made and the outlier was discarded. Weight was recorded to the nearest 10 g by using electronic infant scales.
IF data were collected during postnatal visits at study clinics at ages 2, 4, 6, and 8 wk and 3, 4, 5, and 6 mo, including all items fed to the infant since the preceding visit (since birth for the 2-wk visit). Continued breastfeeding was recorded at all clinic visits, including at ages 9, 12, 15, and 18 mo. In case of breastfeeding cessation since the preceding visit, the precise date of cessation was recorded.
Blood samples for diagnosis of child HIV infection status were taken at birth, ages 2 and 6 wk, and 3, 6, 9, 12, and 18 mo (17) . The HIV infection status of all children was assessed by quantitative RNA PCR tests at ages 6 wk and 12 mo (18) . Samples taken at other ages were used for HIV diagnosis in those who died or were lost to follow-up before age 12 mo. All children reaching age 18 mo had their HIV infection status confirmed through HIV serology.
The original protocol included follow-up until age 24 mo, but financial constraints reduced this to ages 12-18 mo during the course of the RCT. As a result, scheduled child follow-up changed over time; during the last year of the trial, child follow-up in the South African sites (i.e., Somkhele and Durban) was at age 12 mo only.
Variables. Length-for-age and weight-for-length were expressed in z scores relative to the WHO growth standards by using the Anthro software (19) . Unreliable length values (i.e., LAZ >3 or LAZ <26) were excluded. Stunting was defined as LAZ <22 and wasting as weight-for-length z score (WLZ) <22.
IF was divided into 3 groups: never breastfed (i.e., exclusively formula-fed from birth), duration of exclusive breastfeeding (EBF) <3 mo, or EBF $3 mo (6, 7). Breastfed children who died or were lost to follow-up before 3 mo were classified as EBF <3 mo, as were those who were breastfed but not exclusively. Maternal education was divided into 3 groups (none, some primary, and some secondary), and maternal height was divided into 4 arbitrarily defined categories ( Table 1) . Maternal postpartum BMI was computed by using the weight measurement taken at 4 wk postpartum or, if missing, at 6 or 8 wk. BMI (in kg/m 2 ) was divided into mild underweight, lower-normal range, upper-normal range, and overweight-obese (<20, 20-22.4, 22.5-25, and >25, respectively), because the prevalence of true underweight (i.e., BMI <18.5) was very low (20) . Maternal CD4 + cell count at inclusion was divided into 2 groups, i.e., 200-349 and 350-500 cells/mm 3 . Selected household possessions (refrigerator, radio, television, cell phone) and characteristics of housing (access to gas or electricity for cooking, clean drinking water, electricity, flush toilets, and sharing of toilets with persons from outside the household) were used to compute a summary economic score by multiple correspondence analysis. All children had complete data for these variables. Site-specific tertiles were used in the analysis (6) .
Low birth weight was defined as birth weight <2500 g. Gestational age at delivery was defined as gestational age at enrollment plus the number of weeks of follow-up before delivery. Because of a high rate of unreliable values (e.g., $44 wk), this variable was not used in the analysis.
Statistical analysis. Maternal and child characteristics were compared across IF modalities and study sites by using chi-square or FisherÕs exact tests. Adjustment for study site in the analysis of IF modalities was carried out by using Cochran-Mantel-Haenszel tests. Chi-square tests and Cochran-Mantel-Haenszel tests were used to compare children with a length measurement at age 18 mo and those who stopped followup between 12 and 18 mo.
Factors potentially associated with the hazards of becoming stunted at 6 or 12 mo for children not stunted at age 2 d were assessed in multiple logistic regression analysis. The main explanatory variable was IF, and the analysis was adjusted for the RCT arm, sex, and study site and maternal height, BMI, and wealth index (all categorical). Children already stunted at age 2 d were excluded from this analysis because early neonatal stunting cannot be attributed to IF. The existence of effect modification by study site was tested through the introduction of an interaction term between site and IF in a separate logistic regression model. Mixed-effects linear models (MLMs) with an autoregressive covariance structure were used to examine the associations between IF modality and LAZ. These analyses included all children, irrespective of stunting status at age 2 d. Models included random intercepts for each participant. Linearity was determined graphically. Potential confounding factors were RCT arm, study site, and infant sex and maternal height, postpartum BMI, level of education, CD4
+ cell count at inclusion, and wealth index. The age intervals of 2 d to 6 mo and 6-18 mo were considered separately per protocol. Again, effect modification by study site was tested by the introduction of an interaction term between study site and IF in separate models.
For each independent variable, MLMs provide 2 coefficients, b 0 and b 1. The former estimates the difference between a given category and its reference category at the start of the interval, whereas the latter assesses whether this difference is constant over time through an interaction term with age. If significant, the latter indicates that the slope of the category under study differs from that of the reference category. The estimated difference of a category with the reference at time 1 thus equals (b 0 + b 1 3 time 1) .
In sensitivity analyses of logistic regression and MLM, IF was used as a binary variable (never-compared with ever-breastfed children). Analyses were performed by using SAS (version 9.3) and Stata (version 14, Stata Corp) statistical software, and differences were considered significant at P < 0.05. All tests were 2-sided. Distributions of continuous variables are provided as means 6 SDs, and proportions as P (95% CIs).
Results
Eight hundred five infants were born alive to women included in the RCT; 794 had $1 length measurement between ages 2 d and 18 mo. Sixty-two were HIV-infected by the end of follow-up, and 4 had missing data for maternal BMI. Thus, 728 uninfected children (719 singletons and 9 first-born twins) were included in the analysis and contributed with $1 length and weight measurement ( Figure 1 ). Length and weight measurements were available for 674, 621, 610, and 488 children at ages 2, 6, 12, and 18 mo, respectively. One LAZ value (at age 2 mo) was >3; LAZ and WLZ at this age were excluded from the analysis for this child. The duration of follow-up was 16.2 6 4.3 mo for a total duration of follow-up of 11,786 child-months.
As expected from changes in scheduled duration of followup, children who discontinued follow-up after the age of 12 mo, by either design or dropout, were significantly more likely to be from the South African sites than those who continued until age 18 mo (P < 0.001). They were also more likely to be enrolled in the study later, adjusted for study site (P < 0.001). In univariate analyses, IF was not significantly associated with discontinuation (P = 0.09), but when adjusted for study site, IF became significantly associated with risk of early discontinuation: neverbreastfed children were more likely to have been followed up until 18 mo than children with short or longer periods of EBF (P = 0.018). Indeed, IF modality changed over time in South African sites: the proportion of never-breastfed infants decreased from 43% to 30% and that of infants exclusively breastfed for $3 mo increased from 26% to 47% between the first and second half of the inclusion period (P < 0.001, adjusted for study site). Duration of follow-up was not associated with the RCT arm; sex; maternal education, height, or BMI; family wealth; or neonatal LAZ (P > 0.20 for all).
Of 728 children, 116 (22.8%) were never breastfed, 336 were exclusively breastfed for <3 mo, and 226 were exclusively breastfed for $3. The breastfeeding duration was 3.50 6 2.31 mo and 5.95 6 2.28 mo for the 2 latter groups, respectively, and their EBF duration was 0.93 6 0.89 mo and 5.03 6 0.99 mo, respectively (P < 0.001 for both). Thirty-five children were still breastfeeding at 7 mo (11 and 24, respectively, among those exclusively breastfed <3 mo and exclusively breastfed $3 mo), among whom 25 lived in Bobo Dioulasso. Ten were still breastfeeding at 10 mo and 5 at 18 mo (i.e., 2.0% and 1.3%, respectively, of ever-breastfed children still in follow-up).
Children included in the analysis differed across IF categories in terms of study site, sex, maternal BMI and education, and housing characteristics (Table 1) . Women in Bobo Dioulasso had the lowest and women in Durban the highest proportion of never-breastfed children. Girls were more likely to be exclusively breastfed for $3 mo than boys were. Women with a higher level of education and those living in households with access to a refrigerator, modern fuel for cooking, and flush toilets were more likely to avoid breastfeeding than those with lower socioeconomic status (P < 0.001 for all).
However, IF and most background characteristics (i.e., maternal height, BMI, education, CD4 + cell count, and access to electricity, a refrigerator, modern fuel for cooking, flush toilets, and tap water) differed widely across study sites (P < 0.001, Supplemental Table 1 ). In analyses adjusting for study site, only sex, maternal education, and the wealth indicator differed significantly by IF mode ( Table 1) .
The prevalence (95% CI) of stunting was 15.4% (12.8%, 18.1%), 11.7% (9.3%, 14.1%), 13.7% (11.0%, 16.3%), and 21.6% (18.1%, 25.1%) at age 2 d and 6, 12, and 18 mo respectively. The prevalence (95% CI) of wasting was 9.4% (7.2%, 11.6%), 2.6% (1.3%, 3.7%), 4.0% (2.5%, 5.5%), and 2.7% (1.3%, 4.1%), respectively, at the same ages.
Factors associated with stunting at 6 and 12 mo of age. At age 6 mo, 621 children had a length measurement. Of them, 90 were stunted at age 2 d, leaving 531 children for the analysis. The prevalence of stunting was 6.8% (36 of 531), i.e., 4 of 117, 16 of 247, and 16 of 167 for children never breastfed, exclusively 25) , respectively, for never-breastfed children and those exclusively breastfed <3 mo. In logistic regression analysis allowing for the RCT arm, sex, study site, maternal height, maternal BMI, and wealth tertile, never-breastfed children had lower risk of becoming stunted between birth and age 6 mo than children exclusively breastfed $3 mo [adjusted OR (aOR): 0.24; 95% CI: 0.07, 0.81; P = 0.021]. The risk of stunting did not differ significantly between children exclusively breastfed <3 mo and those exclusively breastfed $3 mo ( Table 2 ). There was no interaction between study site and IF (P > 0.20, results not shown). When IF was classified as a binary variable, never-breastfed children did not have significantly lower risks than their everbreastfed counterparts (aOR: 0.35; 95% CI: 0.11, 1.10; P = 0.07).
At 12 mo, 88 children were excluded because of stunting at age 2 d, leaving 522 children for the analysis. The prevalence of stunting was 8.1% (42 of 522), affecting 3 of 113, 23 of 248, and 16 of 161 of never-breastfed children, children exclusively breastfed <3 mo, and children exclusively breastfed $3 mo, respectively (P = 0.057). Crude ORs of stunting were 0.25 (95% CI: 0.07, 0.87; P = 0.029) and 0.93 (95% CI: 0.47, 1.81; P = 0.82) for never-breastfed children and those exclusively breastfed <3 mo, respectively.
In adjusted logistic regression models, never-breastfed children had significantly lower risks of being stunted at age 12 mo than did children exclusively breastfed $3 mo (aOR: 0.26; 95% CI: 0.07, 1.00; P = 0.049), whereas those exclusively breastfed <3 mo had odds similar to those of the reference group (Table 2) . There was no significant difference between ever-and neverbreastfed children overall (aOR: 0.29; 95% CI: 0.08, 1.10; P = 0.058, data not shown). There was no difference between triple-antiretroviral and short-course arms at either 6 or 12 mo (P > 0.20 for both), but boys were more likely to be stunted than girls at age 12 mo (aOR: 2.19; 95% CI: 1.10, 4.38; P = 0.027; Table 2 ). There was no interaction between study site and IF (P > 0.20, results not shown). Maternal education and CD4 + cell count were not included in adjusted logistic regression models because of P values >0.40 in preliminary models.
Because duration of follow-up beyond 12 mo was associated with IF modality, the association of IF with the risk of stunting at 18 mo could not be assessed.
Mean unadjusted LAZ by IF status from birth to 18 mo.
Mean unadjusted LAZ and WLZ of children from age 2 d to 18 mo are shown in Figure 2 . Among children with an EBF duration $3 mo, mean LAZ increased slightly between age 2 d and 4-6 mo and decreased thereafter. Never-breastfed children had decreasing LAZ during the first month of life, followed by a steep increase and had the highest means of all groups from age 4 mo onward. Children with EBF duration <3 mo had intermediate patterns with a slight decrease in LAZ during the first month and increasing means from 1 to 9 mo. The mean LAZ was below the international standard in all IF groups at all times. The mean unadjusted WLZ increased steeply for all groups during the first 2 mo of life and remained above the international standard up to age 18 mo; neverbreastfed children had the highest means from age 6 mo.
MLM analysis of change in LAZ from age 2 d to 6 mo. In MLM analysis allowing for intervention arm, sex, study site, and maternal BMI, height, education, CD4 + cell count, and wealth indicator, IF mode was not associated with early neonatal LAZ (P = 0.73, Table 3 ), but it was closely associated with change in LAZ from age 2 d to 6 mo: never-breastfed children had greater slopes than those EBF $3 mo (b 1 = 0.073 z scores/mo; P < 0.001), whereas those exclusively breastfed <3 mo did not differ from the reference. When IF was considered as a binary variable, there was no difference between never-and ever-breastfed children at age 2 d (b 0 : 20.07; P > 0.20), but the former again had a greater increase over time (b 1 : 0.067 z scores/mo; SE: 0.018; P < 0.001). There was no interaction between IF and study site (P > 0.20, results not shown).
Children living in Nairobi had significantly slower linear growth than those in Durban in this age interval (P < 0.001, Table  3 ). At age 2 d, children in the triple-antiretroviral arm experienced lower mean LAZ than those in the short-course regimen arm (by 0.18 z scores; P = 0.015), but they had greater slopes in LAZ up to 6 mo (by 0.037 z scores/mo; P < 0.01, Table 3 ).
MLM analysis of change in LAZ between ages 6 and 18 mo. Table 4 shows results of MLM analysis for the age interval from 6 to 18 mo. Never-breastfed children and those exclusively breastfed <3 mo had greater LAZ at age 6 mo than those exclusively breastfed $3 mo when allowing for intervention excluded from the analysis at ages 6 and 12 mo, respectively. Stunting was defined as length-for-age z score ,22 of the WHO growth standards. EBF, exclusive breastfeeding; RCT, randomized controlled trial. 2 Maternal BMI was measured during the first 2 mo postpartum. 3 Wealth tertiles were site specific.
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arm, sex, study site, and maternal BMI, height, education, CD4 + cell count, and wealth indicator (P < 0.001 for both). There was no difference in slopes of LAZ between never-breastfed children and those exclusively breastfed $3 mo (P > 0.20), but those exclusively breastfed <3 mo had slightly lower slopes than the reference (P = 0.034). When compared with all breastfed children, the mean LAZ of never-breastfed children at age 6 mo was greater (by 0.29 z scores, P = 0.024), with no difference between slopes between 6 and 18 mo (P = 0.98, results not shown). There was no difference by the RCT arm during this age interval, neither for LAZ at 6 mo nor for slopes up to 18 mo. Boys had a similar mean LAZ at 6 mo but a lower increase in LAZ from 6 to 18 mo than girls (P = 0.031, Table 4 ).
Discussion
This observational cohort study was nested within an RCT comparing 2 antiretroviral regimens for the prevention of MTCT of HIV during pregnancy and breastfeeding (17) . It included 728 HIV-exposed, uninfected African children from 5 diverse settings in Burkina Faso, Kenya, and South Africa, of whom 513 were followed up to age 18 mo. In contrast to our research hypothesis, never-breastfed children had a greater increase in LAZ from age 2 d to 6 mo than those exclusively breastfed $3 and 0.52 z scores greater LAZ between age 6 and 18 mo in analyses adjusting for socioeconomic status. They also had reduced risk of being stunted at age 6 mo, if not stunted at age 2 d, than those exclusively breastfed for $3 mo.
This faster linear growth of formula-fed children is consistent with findings from an RCT in Nairobi, Kenya (12), but at odds FIGURE 2 LAZ (A) and WLZ (B) by infant feeding mode from birth to age 18 mo in HIV-exposed uninfected children in the Kesho Bora randomized clinical trial. Values are means and 95% CIs (n = 114-311). Seven hundred twenty-eight children had $1 length measurement. Short EBF: ,3 mo; long EBF: $3 mo. BF, breastfeeding; EBF, exclusive breastfeeding; LAZ, length-for-age z score; WLZ, weight-for-length z score. 1 Values are means 6 SEs. n = 728. EBF, exclusive breastfeeding; LAZ, length-for-age z score; RCT, randomized controlled trial. 2 The b 0 coefficient represents the estimated mean difference in LAZ at age 2 d. 3 The b 1 coefficient represents the estimated mean change (slope) in LAZ/mo from age 2 d to 6 mo. 4 Maternal BMI was measured during the first 2 mo postpartum. 5 Wealth tertiles were site specific.
with those from a study in South Africa in which breastfed children had a marginally greater LAZ at 3 mo (11). They also differ from those of a study in Zambia, in which breastfed children had similar growth in length and faster growth in weight than weaned children from age 5 to 15 mo (10).
However, that analysis compared the growth of children by current breastfeeding mode, whereas virtually all children in the Kesho Bora study had ceased breastfeeding by 6 mo of age. Higher linear growth rates associated with FF compared with EBF have been described in several healthy Western populations (21, 22) . However, we did not expect such a pattern in lowincome sub-Saharan populations of HIV-infected mothers. Indeed, we previously reported 6-fold increased risk of serious infectious morbidity and mortality among never-breastfed infants compared with those exclusively breastfed $3 mo in the Kesho Bora study (6, 7) . We expected that such high excess risk of severe morbidity among never-breastfed infants would be reflected in less-favorable linear growth patterns, but this was not the case. Thus, never-breastfed infants might seem to thrive well as a group and still be exposed to a high risk of death.
Like all observational studies, the analysis presented here may suffer from methodological limitations precluding causal inference, including confounding and reverse causality (i.e., that maternal IF decisions are a result of child growth and nutritional status). Although a number of sociodemographic and maternal nutrition indicators were accounted for, we acknowledge that residual confounding by unmeasured factors cannot be ruled out.
With regard to the risk of reverse causality, we showed previously (23) that neonatal morbidity (fever, diarrhea, vomiting) was associated with a lower probability of remaining EBF by 3 mo of age (aOR: 0.54; 95% CI: 0.31, 0.93; P < 0.05). These observations are in accordance with evidence from the literature that mothers may cease EBF early in response to perceived hunger or failure of their infant to thrive (24) (25) (26) . Thus, any reverse causality would lead to better nutritional status of children exclusively breastfed after the age of 3 mo compared with those weaned very early. The relation between LAZ and EBF presented here is in the opposite direction and cannot be explained by reverse causality. The persistence of significant differences in the LAZ when never-and ever-breastfed children were compared would also suggest that the association was not a consequence of reverse causality. Finally, never-breastfed infants did not differ significantly from those exclusively breastfed $3 in mean LAZ at age 2 d in MLM (i.e., 20.03 6 0.11 z scores, P = 0.79), suggesting that early neonatal length was not a criterion for maternal IF decisions.
As mentioned above, never-breastfed and weaned children were 6 times more likely to die between birth and age 18 mo than those still breastfeeding in the Kesho Bora RCT (6). Thus, a survival bias might have affected our results. In the sample of 728 children above, 24 (3.3%) died before age 6 mo, i.e., 8, 12 , and 4 among those never breastfed, exclusively breastfed <3 mo, and exclusively breastfed $3 mo, respectively. Differences in LAZs between surviving and dying children have not been investigated, but the latter might have suffered from slower growth in length. Finally, a small fraction of children, especially among those living in Bobo Dioulasso, were still breastfeeding after the age of 6 mo, and might have faltered because of insufficient complementary feeding. We were unable to test this hypothesis, because no data were collected on complementary feeding beyond that age. However, this would not have affected their growth rate during the first 6 mo of life.
The difference in LAZs at 6 mo between never-breastfed children and those exclusively breastfed $3 mo (i.e., 0.52 z scores) was far from trivial. Indeed, it was larger than the difference between children in the lowest compared with highest wealth tertile in adjusted MLM. It is important to emphasize, however, that these results should not be taken to change IF recommendations for HIV-exposed children. First, they might not be causal, and even then, the major benefits of breastfeeding for child health and survival are far more important for public health than any possible impact on growth.
We found a small negative association between the maternal triple antiretroviral used to prevent postnatal HIV transmission 1 Values are means 6 SEs. n = 672. Fifty-six children had died or were lost to follow-up between birth and age 6 mo. EBF, exclusive breastfeeding; LAZ, length-for-age z score; RCT, randomized controlled trial. 2 The b 0 coefficient represents the estimated mean difference in LAZ at age 6 mo. 3 The b 1 coefficient represents the estimated mean change (slope) in LAZ/mo from age 6 to 18 mo. 4 Maternal BMI was measured during the first 2 mo postpartum. 5 Wealth tertiles were site specific.
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and neonatal LAZ (20.18 z scores, P = 0.015). This result is consistent with previous observations on birth weight and length after antiretroviral exposure (17, (27) (28) (29) . Unfortunately, we could not distinguish between preterm birth and small-forgestational age at birth, because self-reported data on pregnancy duration were deemed not reliable. From age 2 d to 6 mo, infants with maternal triple-antiretroviral exposure grew faster (by 0.037 z scores/mo). From age 6 to 18 mo, once triple antiretroviral would have ceased, the mean LAZ did not differ significantly by intervention arm. Overall, the nutritional status of these HIV-exposed uninfected children was better than expected. The LAZ increased slightly from age 1 to 6 mo in all IF groups and started decreasing during the second half of infancy, in contrast to many African populations whose mean LAZ starts decreasing already shortly after birth (30) . In addition, mean WLZ remained above the growth standard from age 1 to 18 mo in all IF groups. Possible explanations for these relatively favorable growth patterns include the urban context of most sites, free health care and infant formula, intensive hygiene and nutrition counseling, and free food aid to breastfeeding women in Mombasa, Somkhele, and Durban (20) or to children from 6 to 12 mo in Bobo Dioulasso (31) .
A limitation of this study is the relatively high rate of discontinuation between 12 and 18 mo, which did not occur at random in that never-breastfed children tended to be more likely to have length data at 18 mo than those exclusively breastfed $3 mo. This is explained by shorter follow-up of children during the last year of the study in South African sites, associated with changes in maternal IF choice over time in these sites. No such informative censoring occurred during infancy.
In conclusion, the data presented here show that neverbreastfed, African, HIV-exposed, uninfected children had faster growth in length from age 2 d to 6 mo than those exclusively breastfed for $3 mo. These results contrast with the sharply increased risk of severe morbidity and mortality among neverbreastfed children in this and other studies (6, 7, (32) (33) (34) (35) . Reverse causality is not likely to explain differences related to LAZ, but residual confounding cannot be ruled out.
